Abstract-A triply-primed array (TPA) is configured with three mutually primed integers, which has the degree-of-freedom on the order of their product, in the estimation of direction-ofarrivals (DOAs) of multiple quasi-stationary signals. Simulation results verify that the proposed TPA can detect more incident signals with higher accuracy than its compatible counterparts.
I. INTRODUCTION
Direction-of-arrival (DOA) estimation is critical to radars and wireless communication systems. Based on an N-element uniform linear array (ULA), subspace-based algorithms like MUSIC [1] and ESPRIT [2] can be used to estimate at most N-1 sources. A Khatri-Rao (KR) subspace-based algorithm was proposed to increase the degrees-of-freedom (DOF) of an Nelement ULA to 2N -2 [3] . In [4] , a co-prime array was proposed, which is composed of two interleaved ULAs with element numbers mutually primed, to work as a virtual array with higher DOF than the sum of the physical ULAs.
Sparse signal processing techniques, such as compressive sensing (CS), were used for DOA estimation. In [5] , a CS-MUSIC algorithm was proposed by using the relation between multiple measurement vectors and the estimated DOAs. In [6] , co-prime arrays were generalized to include nested array [7] and co-prime array as special cases. In general, the CS methods have higher DOF than MUSIC and can outperform the latter. In [8] , 1 -normalization was applied to a fourth-order difference matrix to increase the range of contiguous lags, leading to higher DOF.
In this work, we propose a triply primed array (TPA), which is composed of three ULAs specified by three mutually primed integers. By processing fourth-order statistics, higher DOF can be acquired by increasing both the number of lags and contiguous lags.
II. SIGNAL MODEL WITH TRIPY PRIMED ARRAY Fig.1 shows a TPA, which is composed of three ULAs. The first ULA has 1 N sensors at spacing of 2 3 N N d , the second ULA has 2 N sensors at spacing of 3 1 N N d , and the third ULA has 3 N sensors at spacing of 1  . The spectrum is normalized with respect to the largest entry in the original spectrum. It is observed that all the sources are accurately detected by the TPA, but the CPA misses some sources and mistakenly detects non-existing sources between actual DOAs. 3 shows that TPA (3, 4, 5) with either SSM or CS approach predicts accurate DOAs under all SNRs, especially when SNR < 0 dB. The CS approach predicts more accurate DOAs than the SSM because the former makes use of all the unique lags, but the latter can use only contiguous lags. 
V. CONCLUSION
A TPA based on three mutually primed integer is proposed to achieve much higher DOFs in the fourth-order covariance matrices, based on quasi-stationary signals. The properties of the proposed TPA are analyzed, and the DOAs of source signals are estimated with SSM and CS approaches, respectively. Simulation results show that the TPA can detect more sources with higher resolution than conventional CPA due to higher DOF of the former.
